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ABSTRAKT, KĽÚČOVÉ SLOVÁ 
ABSTRAKT 
Táto diplomová práca sa zaoberá optimalizáciou validačných testov pre produkt 
firmy Robert Bosch určený na úpravu výfukových plynov vznetových motorov, tzv. 
Denoxtronic 5.x, konkrétne jeho najkomplikovanejšiu časť – Pump Module. Zhrnutím 
a analyzovaním porúch objavujúcich sa v reálnej prevádzke tak poskytuje spätnú 
väzbu pre oddelenie vývoja a navrhuje, akým mechanizmom by mali byť 
v budúcnosti validačné testy optimalizované. 
KĽÚČOVÉ SLOVÁ 
Robert, Bosch, DNOX, Denoxtronic, Pump, Module, validation, optimization, SCR, 
AdBlue® 
ABSTRACT 
This diploma thesis is concerned of optimization of validation tests for a Robert 
Bosch product designed for diesel engines exhaust gases post processing, the 
Denoxtronic 5.x, precisely of one main subcomponent – Pump Module. By 
summarizing and analysing of failures occurring in real traffic, it provides feedback 
for engineering department and suggests the mechanism how to optimize the 
validation tests in future. 
KEYWORDS 
Robert, Bosch, DNOX, Denoxtronic, Pump, Module, validation, optimization, SCR, 
AdBlue® 
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INTRODUCTION 
INTRODUCTION 
The automotive market of today is facing the challenge to adapt to the environment – 
friendly behaviour of the modern society. As the quantity of vehicles on the roads 
rises, the air pollution would increase significantly if this problem was not taken in 
account of the cars’ development and designing. The solution of the problem may 
seem very simple. If we take out the unrealistic possibility of reducing the driven 
mileage per person, three options remain: optimization of combustion process, 
exhaust gases post processing and usage of alternative fuels. All three options are 
being focused on. This thesis is the small contribution to the massive effort to reduce 
the negative impact by post processing of the exhaust gases. 
Robert Bosch GmbH, as one of the world’s leading automotive component 
manufacturers, is strongly involved in the exhaust gases post processing with a 
spectrum of products. To reduce the amount of nitrous gases produced by diesel 
powered vehicles, Bosch offers the range of “Denoxtronic” products that are 
designed for passenger cars, light duty vehicles, trucks and off-road applications. It is 
possible via selective catalytic reduction – SCR  
Of course, for such an application, robust development team and activities must be in 
place. To assure that the serial parts work correctly, appropriate procedure is set and 
must be followed during the product development. One of the steps, is the validation 
testing. The aim of it is to simulate the future working conditions of a product and find 
out what failures are possible to expect and when. Simply, if the product can survive 
working according to specification for the desired and designed timeframe. 
The results of such testing are then analyzed at many product maturity levels to point 
out the areas for improvement and to discover the possible errors. Quality 
information from field applications can be used to verify the testing results. The 
newest PCLD Denoxtronic application Bosch DNOX 5.x has been assembled to 
serial vehicles for 2 years and therefore, there are data from final customers 
available as well. Field quality data are among resulting from so called claims. Each 
of those is being analyzed to be able to confirm or reject them objectively. As the 
product is being sold to car manufacturers around the world, having a feedback from 
real traffic is a valuable input for future. 
By summarizing the data obtained during the claim analyses, a comparison of 
validation test results and real traffic (field) results can be used to determine the 
accuracy and correct sensitivity of the tests themselves. That is the main goal of this 
thesis, but in addition to that, thermal aspect of the Pump Module’s life was 
investigated deeper to provide the better image of heat distribution and stresses 
resulting from it in assembled state. 
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1 DESCRIPTION OF DENOXTRONIC SYSTEM 
The Denoxtronic (or DNOX) function is based on selective catalytic reaction (SCR) 
taking place in a specific catalytic converter. This requires the presence of DEF – 
Diesel exhaust fluid, commercially named AdBlue®. Today, SCR technology is used 
in diesel powered vehicles only, mostly in trucks and off-highway vehicles, but the 
number of passenger cars and light duty vehicles equipped by this system increases. 
The aim is to fulfil the requirements of Euro 6 (Overview of Euro emission standards 
attached at the end of this section), Bin 5 and Tier 2 emission limits. Chemically-wise 
AdBlue® is a 32.5% solution of synthetic urea in deionised water. It was developed 
jointly be several companies under the surveillance of The German Association of 
Automotive Industry (VDA) that also supervises that current production of AdBlue® is 
according to ISO and DIN standards. Main characteristics of the AdBlue® are shown 
in Table 1. 
Chemical formula CO(NH2)2 + H2O 
Density at 20°C 1,09 g/cm³ 
Molar weight 60,06 g/mol 
Freezing point -11°C 
pH 9 (alkaline) 
Table 1: Main characteristics of AdBlue® [1] 
AdBlue® is colourless, slightly yellowish liquid with light smell of ammonia, however 
not toxic, and not harmful when in contact with human skin. From the technical point 
of view, it is problematic because of the corrosive effects on various metals and can 
damage several plastic materials as well. The experience from the usage of AdBlue® 
also showed its highly capillary character that requires proper sealing of the 
components and electrical harness at all relevant points as well. 
The actual chemical reaction present during the SCR process is as follows: 
PHASE 1: Oxidation of the exhaust gases 
2NO + O2 → 2NO2 
2CO + O2 → 2CO2 
4HC + 3O2 → 2CO2 + H2O 
 
PHASE 2: AdBlue® hydrolysis 
CO(NH2)2 + H2O → 2NH3 + CO2 
 
PHASE 3: Selective reduction 
 
8NH3 + 6NO2 → 7N2 + 12H2O 
4NH3 + 4NO + O2 → 4N2 + 6H2O 
2NH3 + NO + NO2 → 2N2 + 3H2O 
 
PHASE 4: Oxidation 
4NH3 + 3O2 → 2N2 + 6H2O 
[2] 
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DESCRIPTION OF DENOXTRONIC SYSTEM 
Even the catalytic converter is the component where the NOx reduction is performed, 
many more components are needed. Main parts of the DNOX 5.x system are: 
- Dosing Control Unit (DCU) 
- AdBlue® tank 
- Supply Module (incl. Pump Module) 
- Dosing Module 
- Hydraulic lines 
- Electric wiring 
- Sensors 
 
Fig. 1: DNOX 5.x overview [3] 
  
Stage Valid since 
CO HC HC+NOx NOx PM PN 
g/km 1/km 
Euro 1 07/1992 2,72 X 0,97 X X X 
Euro 2 01/1996 2,20 X 0,50 X X X 
Euro 3 01/2000 2,30 0,20 X 0,15 X X 
Euro 4 01/2005 1,00 0,10 X 0,08 X X 
Euro 5a 09/2009 1,00 0,10b X 0,06 0,005c X 
Euro 6 09/2014 1,00 0,10b X 0,06 0,005c 6,0×1011c,d
Table 2: Overview of Euro standards for passenger cars with gasoline engines [4] 
a – since 01/2011 valid for all models 
b – NMHC limit max 0,068 g/km 
c – applicable only for direct injection engines 
d - 6.0×1012 1/km within first three years from Euro 6 effective dates 
*For stages Euro 1 – Euro 4, cars over 2500kg were considered as light duty  
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Stage Valid since 
CO HC HC+NOx NOx PM PN 
g/km 1/km 
Euro 1 07/1992 2,72 X 0,97 X 0,14 X 
Euro 2 
Indirect 
injection 01/1996 1,00 X 0,70 X 0,08 X 
Direct 
injection 01/1996
a 1,00 X 0,90 X 0,10 X 
Euro 3 01/2000 0,64 X 0,56 0,50 0,05 X 
Euro 4 01/2005 0,50 X 0,30 0,25 0,025 X 
Euro 5a 09/2009b 0,50 X 0,23 0,18 0,005 X 
Euro 5b 09/2011c 0,50 X 0,23 0,18 0,005 6,0×1011
Euro 6 09/2014 0,50 X 0,17 0,08 0,005 6,0×1011
Table 3: Overview of Euro standards for passenger cars with diesel engines[4] 
a – since 10/1999 identical as for indirect injection 
b – since 01/2011 valid for all models 
c – since 01/2013 valid for all models 
*For stages Euro 1 – Euro 4, cars over 2500kg were considered as light duty  
 
Stage Valid since 
CO HC HC+NOx NOx PM PN 
g/km 1/km 
Euro 1 10/1994 2,72 X 0,97 X X X 
Euro 2 01/1998 2,20 X 0,50 X X X 
Euro 3 01/2000 2,30 0,20 X 0,15 X X 
Euro 4 01/2005 1,00 0,10 X 0,08 X X 
Euro 5 09/2009a 1,00 0,10c X 0,06 0,005b X 
Euro 6 09/2014 1,00 0,10c X 0,06 0,005b 6,0×1011 d
Euro 1 10/1994 5,17 X 1,40 X X X 
Euro 2 01/1998 4,00 X 0,65 X X X 
Euro 3 01/2001 4,17 0,25 X 0,18 X X 
Euro 4 01/2006 1,81 0,13 X 0,10 X X 
Euro 5 09/2010g 1,81 0,13 e X 0,075 0,005b X 
Euro 6 09/2015 1,81 0,13 e X 0,075 0,005b 6,0×1011 d 
Euro 1 10/1994 6,90 X 1,70 X X X 
Euro 2 01/1998 5,00 X 0,80 X X X 
Euro 3 01/2001 5,22 0,29 X 0,21 X X 
Euro 4 01/2006 2,27 0,16 X 0,11 X X 
Euro 5 09/2010g 2,27 0,16 f X 0,082 0,005b X 
Euro 6 09/2015 2,27 0,16 f X 0,082 0,005b 6,0×1011 d 
Table 4: Overview of Euro standards for light duty cars with gasoline engines[4] 
Cars up to 1305 kg of weight 
Cars between 1305 kg and 1760 kg of weight 
Cars between 1760 kg and 3500 kg of weight 
a – since 01/2011 valid for all models 
b – valid only for engines with direct injection 
c – NMHC limit max 0,068 g/km 
d - 6.0×1012 1/km within first three years from Euro 6 effective dates 
e – NMHC limit max 0,090 g/km 
f – NMHC limit max 0,108 g/km  
g – since 01/2012 valid for all models  
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Stage Valid since 
CO HC HC+NOx NOx PM PN 
g/km 1/km 
Euro 1 10/1994 2,72 X 0,97 X 0,14 X 
Euro 2 
Indirect 
injection 01/1998 1,00 X 0,70 X 0,08 X 
Direct 
injection 01/1998
a 1,00 X 0,90 X 0,10 X 
Euro 3 01/2000 0,64 X 0,56 0,50 0,05 X 
Euro 4 01/2005 0,50 X 0,30 0,25 0,025 X 
Euro 5a 09/2009b 0,50 X 0,23 0,18 0,005 X 
Euro 5b 09/2011c 0,50 X 0,23 0,18 0,005 6,0×1011
Euro 6 09/2014 0,50 X 0,17 0,08 0,005 6,0×1011
Euro 1 10/1994 5,17 X 1,40 X 0,19 X 
Euro 2 
Indirect 
injection 01/1998 1,25 X 1,00 X 0,12 X 
Direct 
injection 01/1998
a 1,25 X 1,30 X 0,14 X 
Euro 3 01/2001 0,80 X 0,72 0,65 0,07 X 
Euro 4 01/2006 0,63 X 0,39 0,33 0,04 X 
Euro 5a 09/2010 0,63 X 0,295 0,235 0,005 X 
Euro 5b 09/2011c 0,63 X 0,295 0,235 0,005 6,0×1011
Euro 6 09/2015 0,63 X 0,195 0,105 0,005 6,0×1011
Euro 1 10/1994 6,90 X 1,70 X 0,25 X 
Euro 2 
Indirect 
injection 01/1998 1,50 X 1,20 X 0,17 X 
Direct 
injection 01/1998
a 1,50 X 1,60 X 0,20 X 
Euro 3 01/2001 0,95 X 0,86 0,78 0,10 X 
Euro 4 01/2006 0,74 X 0,46 0,39 0,06 X 
Euro 5a 09/2010 0,74 X 0,35 0,28 0,005 X 
Euro 5b 09/2011c 0,74 X 0,35 0,28 0,005 6,0×1011
Euro 6 09/2015 0,74 X 0,215 0,125 0,005 6,0×1011
Table 5: Overview of Euro standards for light duty cars with diesel engines [4] 
Cars up to 1305 kg of weight 
Cars between 1305 kg and 1760 kg of weight 
Cars between 1760 kg and 3500 kg of weight 
a - since 10/1999 identical as for indirect injection 
b – since 01/2011 valid for all models 
c – since 01/2013 valid for all models 
*For stages Euro 1 and 2, the weight groups were: 
- under 1250 kg 
- between 1250 kg and 1700 kg 
- between 1700 kg and 3500 kg  
 
1.1  SUPPLY MODULE 
The supply module (also referred as Standard Tank Unit) is welded to the bottom of 
the tank, so it’s always covered by AdBlue®. However, the Pump Module remains 
detachable for replacing or removing for potential failure analysis without damaging 
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DESCRIPTION OF DENOXTRONIC SYSTEM 
the whole tank or Supply Module. The basic function of Supply Module is to fill and 
pressurise the hydraulic lines by AdBlue® pumped from the tank, but several more 
functions are implemented as well (described below). Because of that, Supply 
Module contains: 
- Carrier with level sensor 
- Heater 
- Filter 
- Connector 
- Pump Module 
Fig. 2: Supply Module of DNOX 5.x 
 
1.1.1 CARRIER 
The main role of the carrier is to hold all other components together to be fitted in the 
tank. The actual connection is done by welding on the place of welding geometry 
(shown as yellow circumference on Fig.2). Whole carrier is made of HDPE (High-
density polyethylene) which is resistant to the presence of AdBlue® for long periods. 
HDPE also allows the heater and filter to be welded to the carrier, Pump Module to 
be screwed in by three screws with dampers (to eliminate vibrations) and the 
connector to be fitted by insert moulding. The carrier also houses the level sensor 
(made and welded in by Bosch sub-supplier) that is used to evaluate the amount of 
AdBlue® in tank. Unlike the level sensor used in 1st generation of DNOX (3.x), this 
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one is capable of continuous measurement thanks to the ultrasonic pulses generated 
in the level sensor body, then directed through the plastic column, reflected by 
AdBlue® surface and sensed by the level sensor body again. If time of the pulse 
return and overall dimensions of the tank are taken in mind, accurate value of 
AdBlue® volume is easily evaluated. There are several regular measurements each 
second, then median value is calculated. By considering multiple echoes it’s possible 
to distinguish between valid measurements and echoes caused by disturbances. 
Signal to ECU is updated once per second. However, setup of the evaluation has to 
be adjusted according to each tank as dimensions and volume may vary respecting 
the vehicle manufacturer’s project (car layout). Continuous measurement based on 
ultrasonic pulses also has some negatives. Firstly, the level sensor only works if 
AdBlue® is in liquid state. Secondly, wrong values are obtained if the pulse is 
reflected by tank surface (tank 100% full) – evaluated with all consequences as 
empty; and short-term wrong values are also obtained if the pulse is reflected by air 
bubbles or waves and splashes caused by driving on poor road. 
 
Fig. 3: Level sensor working principle illustration [10] 
To assure that the level sensor pulses are reflected by the AdBlue® surface, tanks 
are equipped with the air-valve (not shown in the picture) preventing the tank from 
being 100% filled. The additional function of the level sensor is to share the PCB with 
the temperature sensor (marked red in Fig.3). The information from the temperature 
sensor is needed to prevent the Pump Module from starting if AdBlue® is frozen. 
Information from both temperature sensor and level sensor is transferred to DCU by 
a 5-pin connector. There are two types of connectors – compact connector and AK 
connector (chosen by German customers) varying on the shape, function is with no 
difference. 
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 Fig. 4: 5-pin connector of the sensors [3] 
 
1.1.2 FILTER 
The role of the filter is to prevent dust particles from entering and damaging the 
Pump Module. It consists of filter housing, thermo-conductive metal pin and a mesh 
made of synthetic fabric. The pin is used to focus the heating energy to the closest 
point of Pump inlet to make the AdBlue® injection (therefore, the SCR process) 
possible in cold ambient temperatures as soon as possible. What it takes to the filter 
mesh, there are two types of them – smooth mesh for PC (passenger cars) and 
groovy mesh for LD (light duty) to increase the total filtering surface. According to the 
choice of filter, two models of DNOX 5.x are recognized – DNOX 5.1 with PC filter 
and DNOX 5.2 with LD filter. 
Fig. 5: Comparison of DNOX 5.x filters (upside down view) [10] 
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1.1.3 HEATER 
The only function of the heater is to keep the AdBlue® in liquid state. As the AdBlue® 
freezes at approximately -11°C (depending on actual ratio of urea and water), the 
heater is operational mainly in winter season. It is made from the Positive 
Temperature Co-efficient (PTC) element; covered by a pre-over mould acting as an 
insulator between the PTC and the bus bar; ceramic insulation of the PTC element; 
thermal-conductive aluminium body designed to transfer heat to the whole area right 
above the filter (pump suction point); and the over-mould made of plastic (HDPE 
today, TPE planned in future) protecting the electrical parts of the heart from 
AdBlue® corrosive effects. 
 
Fig. 6: Heater [10] 
 
1.1.4 PUMP MODULE 
The Pump Module is the most important part of the Supply Module. Its function is to 
pump AdBlue® from the tank towards the Dosing Module (injector) and to suck the 
AdBlue® from the system back to the tank when the engine stops. Reverse flow of 
the AdBlue® is necessary to prevent the Dosing Module and AdBlue® pipes from ice 
pressure effects in case of ambient temperature below -11°C. Therefore, two pumps 
are used in the Pump Module – Main pump and Backflow (purge) pump. Overview of 
the components used is visible in Fig. 7. 
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Fig. 7: Pump module overview [3] 
MAIN PUMP 
The main pump is diaphragm – type pump operated via solenoid that uses the 
electromagnetic field to lift the magnetic hub membrane. The direction of AdBlue® 
flow is secured by a couple of non-return valves mounted in opposite direction. In 
one time, only one of the valves can be open. 
Fig. 8: Main pump supply magnet (covered by a green cap) with two non-return 
valves [3] 
AdBlue® enters the Pump Module through the inlet port, along the ice pressure 
damper and is filtered by the inlet filter. When the diaphragm moves up, negative 
pressure is being built in the pumping chamber, inlet NRV is lifted and AdBlue® flows 
into the pump chamber. When the diaphragm moves down, AdBlue® is being 
compressed forcing the delivery NRV to open and thus allowing AdBlue® to flow out 
along the pulsation damper, through strainer to the pipelines towards the Dosing 
Module. 
However, the solenoid lifting mechanism at main pump has a secondary function of 
heating the Pump Module at freezing temperatures. In such case, the solenoid is 
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permanently turned on according to the predefined mode for defrosting. The 
comparison of heating mode and pump mode is displayed on Fig. 9. 
 
Fig. 9: Comparison of pump modes (approximate curves) 
 
BACKFLOW (PURGE) PUMP 
The function of the purge pump is to suck the AdBlue® from the pipelines back to the 
tank to prevent them from cracking because of the freezing process. Backflow pump 
is also a diaphragm-type one operated by the solenoid with magnetic membrane. 
When the diaphragm moves back, negative pressure is built in the pumping 
chamber, therefore the AdBlue® returns back and fills the chamber. AdBlue® is then 
pushed along the ice pressure damper to the AdBlue® tank. 
Fig. 10: Position of the backflow pump in Pump Module (shown in blue) [3] 
 
As stated above, both pumps use the so-called ice pressure dampers. The basis of 
their function is that it partially fills the spaces vulnerable to the ice pressure; 
therefore it prevents big volumes of AdBlue® from freezing and expanding in the 
critical chambers. All the pressure resulting from the ice formation is neutralized by 
the rubber-like material of the damper. 
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1.2 DOSING MODULE 
The function of the dosing module is to inject delivered AdBlue® into the exhaust 
pipe next to the mixer and SCR catalytic converter. It’s therefore assembled directly 
to the exhaust pipe behind the DPF (Diesel particle filter), tight fit is secured by a V-
clamp. There are two main model types – air cooled (3.1 and 3.2) and water cooled 
(3.3; 3.4; 3.5 – not in production yet). Their usage in particular vehicle type is not 
dependent on a DNOX generation, therefore all dosing modules can be fitted to both 
generations, and they can even work with supply modules from different 
manufacturers. Technically, the Dosing modules are based on Bosch fuel injectors. 
 
Fig. 11: Assembly of the Dosing Module (air cooled) in Mercedes-Benz R-class 
 
 
 
 
Fig. 12: Dosing module water cooled 
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Fig. 13: Overview of the air-cooled Dosing module [3] 
Hydraulic connector acts as AdBlue® inlet and leads it towards the injector through 
the courtesy of pressure built by the main pump. AdBlue® then enters the injector 
unit where further compression is present until the injection. Injection itself is initiated 
by electronic signal from DCU which starts the electric current in the coil causing the 
electromagnetic valve needle ending with the ball to lift. In steady state the valve ball 
sits in valve seat blocking the injection orifices of the orifice plate because of the 
spring force. When sufficient pressure is built, the ball lifts and injection of AdBlue® is 
possible. Injection frequency may vary in the range of 50Hz, whereas the desired 
flow rate can be obtained at all frequencies. The time of open needle varies in a 
range of milliseconds. 
The cooling body (heat sink) made of stainless steel is used to dissipate heat to the 
environment and to hold the injector unit in place. It consists of valve housing, cooling 
ribs, connecting rib, holding jacket, intermediate piece and connecting flange. 
Holding jacket serves as a basis to hold all other components of the heat sink 
assembly; contains the socket inserts that are pressed in. Valve housing is used to 
hold the injector unit in place. It’s made of stainless steel and has several holes on 
circumference to ensure proper air circulation for cooling of the injector. Five cooling 
ribs are present to conduct heat from injector to atmosphere. All of them have 10 
holes to reduce the noise level. The connecting rib helps to hold and assemble the 
intermediate piece. Intermediate piece connects the flange with other parts of the 
assembly. It has to have minimal contact with the heat sink to avoid the heat transfer 
from the exhaust. Connecting flange is an interface to connect the Dosing module to 
the exhaust flange. It is crimped to the intermediate piece and contains three legs to 
ensure correct connecting position on the exhaust. 
Clip arrests axial movement of injection valve and holds the hydraulic connector and 
the tab washer on the heat sink. Tab washer is present to eliminate axial movement 
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of the injector valve. Sealing disk is inserted on the connecting flange. Its function is 
to prevent untreated exhaust gases from entering into the dosing module. Protective 
caps (shipping caps) are present to prevent dust particles or other unwanted material 
from entering the dosing module during transport and handling. They are made of 
low density polyethylene. 
 
Fig. 14 Thermal model of the dosing module in critical working conditions (DPF 
regeneration active) [3] 
 
1.3 SELECTIVE CATALYTIC CONVERTER 
In the catalytic converter, the actual SCR reaction takes place through the courtesy 
of the ammonia-based DEF (AdBlue®) acting as a reagent and the material of the 
catalytic converter itself acting as catalyst. The mixture of AdBlue® and exhaust 
gases (NOx gases) flows through the tubular micro-canals of the converter, so the 
surface for possible reaction is maximized. From the chemical point of view the 
converters consist of a ceramic carrier – often also made of Titanium dioxide and 
catalytic materials such as: 
- Oxides of base metals: vanadium, molybdenum or tungsten 
- Precious metals 
- Zeolite 
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For mobile usage, therefore in passenger cars, trucks and tractors the Zeolite and 
vanadium based converters are used in majority. 
 
Fig. 15: Cut through a Zeolite-based catalytic converter with tubular canals visible [9] 
Zeolites can be described as microporous, aluminosilicate minerals with high 
capability of accommodating cations such as Na+, K+, Ca2+, Mg2+ and others. As of 
today, there are 206 known frameworks of Zeolite, ca. 40 of which are of natural 
origin, others are made synthetically. For industrial purposes, solely the synthetic 
frameworks are used. For automotive SCR catalysts, mainly copper-based ones are 
used due to their long-term resistance against high temperatures generated by DPF 
regeneration (ca. 600°C). Compared to the vanadium-based catalysts the conversion 
efficiency is even higher. There are several types of synthetic zeolites that form by a 
process of slow crystallization of a silica-alumina gel in the presence of alkalis and 
organic templates. One of the important processes used to carry out zeolite synthesis 
is sol-gel processing. The product properties depend on reaction mixture 
composition, pH of the system, operating temperature, pre-reaction 'seeding' time, 
reaction time as well as the templates used. In sol-gel process, other elements 
(metals, metal oxides) can be easily incorporated. The silicalite sol formed by the 
hydrothermal method is very stable. The ease of scaling up this process makes it a 
favourite route for zeolite synthesis. 
Apart from SCR catalysts they are used for water softening and purification, for 
petrochemical purposes, in biogas industry as the storage medium, as an ecological 
constructional material, etc... 
 
Vanadium-based catalytic converters were introduced for heavy duty engines in 
2004, at the time of Euro IV validity and further to Euro V in 2008. The main 
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advantage was the high efficiency – up to 90% in the wide temperature range up to 
500°C. Combined with the DPF often in one component these catalysts were 
successful to eliminate both NOx and particles (also referred as diesel soot) while 
reducing the fuel consumption thus reducing the CO2 emissions as well. These 
converters are also sulphur tolerant, so they are still very popular for stationary 
purposes and because of the presence of SOx in marine fuel vanadium-based 
converters are still widely used for large vessels (e.g. Johnson Matthey’s SINOx 
system). However, as mentioned above, for trucks and passenger cars, they were 
replaced by copper-zeolite or Fe-zeolite based ones. [5] [6] [7] 
 
Generally speaking, the requirements for the SCR converters are as follows: 
- High reactivity at low temperatures and on wide spectrum of temperatures 
- High selectivity – low values of SO2 transformation to SO3 
- Chemical resistance against SO2, halides, alkali metals and heavy metals 
such as As 
- Mechanical resistance 
- Minimal pressure loss 
- Low price 
- Long service life 
- Recyclability 
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2 COMPARISON OF FIELD FAILURES TO THE FAILURE 
CATALOGUE OBTAINED BY VALIDATION TESTS 
Due to confidential topics, this part is available in full version only 
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3 TESTING MATRIX DESCRIPTION AND POSSIBLE 
IMPROVEMENT 
Due to confidential topics, this part is available in full version only 
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4 FEM ANALYSIS 
Due to confidential topics, this part is available in full version only 
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CONCLUSION 
Over the chapters of this thesis, the reader is introduced to the principle of 
Denoxtronic system function at first. Brief overview of Bosch supplied components is 
given with the explanation of the working principle of each subcomponent. After 
reading the chapter through, the reader is capable to understand the content of 
following chapters and to get the adequate image of failures described. 
 
Next, overview of failure modes observed in field is given. The classification of the 
claim decision is provided, also with statistical overview of each category. At each 
failure mode, the performed investigation procedure with its output is described. If the 
failure mode is assessed as Bosch responsibility, also the corrective action is 
presented. Meanwhile, analysis values of functional parameters were collected and 
graphs were built to identify the correlation of selected values. 
 
After the pairing of field failures to the failure catalogue topics, the table of successful 
validation tests was set up, that identified the overlay between validations and real 
traffic. In addition, new failure modes were observed in the field, therefore, output for 
validation test update was given. Based on experience gained throughout this 
project, the scheme of possible practice of regular EPAB update is offered. 
 
At last, but not least, the temperature map of Supply Module during defrosting is 
simulated and provided. Based on the knowledge gained, also the analysis of stress 
and deformation caused by temperature was performed and therefore, a valuable 
information is given to both development and claim analyst team was given. 
 
For future, it is suggested to maintain the scheme of regular EPAB updates and to 
enlarge the matrix as much as possible. It will be also interesting to follow the bathtub 
curve, whether it really fits to the product and to compare the designed and factual 
life of products at the end of the product life time.  
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